Dispersible microporous di-block co-polymer Nanoparticles via polymerisation-induced self-assembly by James, A.M. et al.
This is a repository copy of Dispersible microporous di-block co-polymer Nanoparticles via
polymerisation-induced self-assembly.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/147377/
Version: Accepted Version
Article:
James, A.M., Derry, M., Train, J. et al. (1 more author) (2019) Dispersible microporous 
di-block co-polymer Nanoparticles via polymerisation-induced self-assembly. Polymer 
Chemistry. ISSN 1759-9954 
https://doi.org/10.1039/C9PY00596J
© 2019 Royal Society of Chemistry. This is an author-produced version of a paper 
subsequently published in Polymer Chemistry. Uploaded in accordance with the 
publisher's self-archiving policy.
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.
Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.
You can find more information about Accepted Manuscripts in the 
author guidelines.
Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the ethical guidelines, outlined 
in our author and reviewer resource centre, still apply. In no 
event shall the Royal Society of Chemistry be held responsible 
for any errors or omissions in this Accepted Manuscript or any 
consequences arising from the use of any information it contains. 
Accepted Manuscript
rsc.li/polymers
 Polymer
 Chemistry
www.rsc.org/polymers
ISSN 1759-9954
PAPER
Munju Goh et al.
Enhancement of the crosslink density, glass transition temperature, and 
strength of epoxy resin by using functionalized graphene oxide co-curing 
agents
Volume 7 Number 1 7 January 2016 Pages 1–246
 Polymer
 Chemistry
View Article Online
View Journal
This article can be cited before page numbers have been issued, to do this please use:  A. M. James, M. J.
Derry, J. S. Train and R. Dawson, Polym. Chem., 2019, DOI: 10.1039/C9PY00596J.
ARTICLE
Please do not adjust margins
Please do not adjust margins
Received 00th January 20xx,
Accepted 00th January 20xx
DOI: 10.1039/x0xx00000x
Dispersible Microporous Di-block Co-Polymer Nanoparticles via 
Polymerisation-Induced Self-Assembly
Alex M. James,1 Matthew J. Derry,1 Jennifer S. Train1 and Robert Dawson*1 
Microporous materials are predominantly formed as insoluble powders which means that they can be difficult to process. 
Here we report a new class of solvent-dispersible porous polymers synthesised by reversible addition-fragmentation chain 
transfer mediated polymerisation-induced self-assembly (RAFT-mediated PISA), formed from a PEG macro-CTA polymerised 
with divinylbenzene and fumaronitrile. The particles have a dual morphology consisting of smaller spheres of 24-29 nm 
aggregated into larger particles of 204 - 262 nm. Gas sorption analysis showed the particles to have BET surface areas of 274 
to 409 m2/g with internal pore sizes centred around 1.8 nm and further larger pores arising from the sphere packing of the 
aggregates. The particles were found to be photoluminescent (emission = = 326 nm) when exposed to UV light which 
could be quenched by the addition of nitroaromatic compounds. For example, 99% if the emission was quenched in the 
presence of 38 ppm of picric acid .
Introduction
The design and synthesis of microporous organic polymers 
(MOPs) is a growing area of research due to a combination of 
properties which include high surface area, chemical and 
thermal stability, low skeletal density and relative ease with 
which they can be functionalised, either by the judicious use of 
pre-functionalised monomers or via post-synthetic modification 
towards more complex functionalities.1, 2 The combination of 
these properties has attracted considerable interest not only in 
fundamental research but also into the practical application of 
these materials in fields such as gas storage and separation,3-8 
chemosensing,9-12 waste-water treatment13, 14 and catalysis.15, 16 
Amongst MOPs many subclasses exist including 
hypercrosslinked polymers (HCPs)17, 18 polymers of intrinsic 
microporosity (PIMs),19, 20 conjugated microporous polymers 
(CMPs),21-25 covalent organic frameworks (COFs)26-31 and 
covalent triazine-based frameworks (CTFs).32, 33 However, there 
are a number of disadvantages to some of these material sub-
classes, such as the need for expensive monomers, metal 
catalysts, toxic solvents and lengthy polymerisation times which 
limits their use in many practical applications.
Another key disadvantage to most MOPs (with the notable 
exception of linear PIMs) is their complete insolubility in all 
solvents. This arises due to their highly crosslinked structure 
which is necessary to induce porosity in these materials. Linear 
PIMs avoid this problem by using a rigid and contorted 
monomer which allows soluble microporous polymers to be 
produced and cast into free standing films.20 There are however 
only a few of these rigid contorted monomers available 
commercially limiting the range of soluble microporous 
polymers which can be made. A number of other attempts have 
led to the fabrication of solution-processable microporous 
polymers including; the addition of solubilising side chains to 
monomers such as tetraphenyl-5,5-dioctylcyclopentadiene.34 
However, the long flexible chains that provide the solubility also 
fill the pores of the material resulting in a very low surface area. 
Cheng et al. used pyrene based monomers with solubilising t-
butyl groups to produce a soluble CMP network using Suzuki 
coupling, however this route requires the use of expensive Pd 
catalysts and has a limited range of t-butyl monomers which can 
be used.35 By using high dilution Yang et al. were able to 
hypercrosslink individual poly(styrene) chains which were 
found to be soluble in a range of solvents with surface areas up 
to around 700 m2/g.36 Though these porous polymers were 
found to lose their porosity over time. Mai et al. were able to 
synthesise microporous particles using a divergent 3-step 
procedure by firstly making vinylbenzyl chloride particles using 
emulsion polymerisation followed by hypercrosslinking with 
FeCl3 in 1,2,dichloroethane.
37  Using the unreacted end groups 
it was possible to grow solubilising polymer chains via ATRP 
chemistry resulting in a core-shell structure with a surface area 
of 562 m2/g. While this route demonstrated the concept of 
core-shell microporous particle dispersions, the use of the 
multi-step approach, harmful solvents and stoichiometric 
amounts of FeCl3 is not ideal and due to the acidic conditions 
limits the possibility of functionalisation. The synthesis of 
soluble or dispersible microporous polymers is however, clearly 
still of great importance. Equally important is the need to 
develop a more generic method of synthesising MOPs which 
alleviates these issues and delivers a material which is able to 
be processed and applied in the solution form from simple 
building blocks in a one pot synthesis. 
Recently, the group of Li and co-workers reported the 
synthesis of a series of microporous polymers from the widely 
available vinyl precursors divinylbenzene and fumaronitrile via 
conventional radical polymerisation thus avoiding some of the 
issues attributed to conventional HCP synthesis.38 These 
polymers boast large surface areas as well as being cheap to 
synthesise. Furthermore, no by-products were formed from the 
reaction and there is no need for metal-catalysts or harmful 
solvents to be used in order to induce porosity. Yet, like most 
a.Department of Chemistry, University of Sheffield, Sheffield UK. S3 7HF.
.
 Footnotes relating to the title and/or authors should appear here. 
Electronic Supplementary Information (ESI) available: [details of any supplementary 
information available should be included here]. See DOI: 10.1039/x0xx00000x
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porous materials, they are completely insoluble in common 
organic solvents, hence limiting their potential applications. 
There have been a number of reports of porous polymer 
particles using diblock co-polymers based on polystyrene-
poly(ethylene oxide) (PS-b-PEO) synthesized via atom-transfer 
radical polymerization (ATRP).39, 40 In these cases, a 
hierarchically structured porous polymers is formed via the self-
assembly of the diblock co-polymers in organic solvents 
followed by the hypercrosslinking of the PS. This leads to core-
shell particles where the PS block forms a porous shell with the 
PEO forming the core of the particle.
We believe that the strategy of using block copolymers to 
synthesise porous polymers has much promise. By building on 
the reports of free radical porous polymers, outer solubilising 
chains, and diblock co-polymer self-assembly we aim to reverse 
the blocks and synthesise porous particles with a solubilising 
outer shell and a porous core. This can be achieved using a one 
step, metal-free radical addition fragmentation transfer-
mediated polymerisation induced self-assembly (RAFT-
mediated PISA) approach. Microporous polymers synthesised 
via this method have significant scope for future variation to 
produce a wide variety of functional dispersible microporous 
particles which could be used for a wide range of solution based 
applications as well as being solution processable. 
Results and discussion
A RAFT-mediated PISA approach, without the need for metal 
catalysts and environmentally harmful carcinogenic solvents, 37 
was carried out using a PEG based macro chain-transfer agent 
(macro-CTA), divinylbenzene (DVB) and fumaronitrile (FN) in a 
water/alcohol solvent mix. The PEG based macro-CTA was first 
synthesised using PEG monomethyl ether (average Mn = 5000) 
and 2-bromoisobutyryl bromide to form PEG-Br followed by a 
reaction with dodecanethiol and carbon disulphide (Figures S1-
S3). The PEG macro-CTA, DVB and FN were dissolved in a 60:40 
water:ethanol mix to create a 1 wt.% solution which was heated 
to 70 °C with 0.2 eq. of KPS as the water soluble initiator 
(Scheme 1c). After 24 h the resulting milky solutions were 
centrifuged and re-precipitated into ether to yield white solids 
in a 22-68 % yield. The solids were able to be redispersed into a 
range of solvents (including water, alcohols, THF, acetonitrile, 
halogenated solvents) and showed no visual change over a time 
of > 6 months thus demonstrating long term stability as 
homogeneous solutions. 
In comparison, the conventional RAFT reaction in toluene 
which solubilises the PEG macro-CTA, FN and DVB results in a 
network structure where the PEG groups are randomly 
distributed throughout the network (Scheme 1b, conventional 
RAFT solution PEG113DVB300FN225). This white solid precipitate 
does not form a stable dispersion over time (> 1 hour). Likewise, 
free radical polymerisation of FN and DVB in toluene, as 
reported previously by Li and co-workers,38 yields an insoluble 
white powder (Scheme 1a, HCPN-0.75). It is therefore clear that 
not only is the macro-CTA required, but also a RAFT-mediated 
PISA approach is vital in order to form stable colloidal 
dispersions
The dispersibility of the RAFT-PISA series of samples was 
investigated by dispersing the samples in methanol (Scheme 1 
insert).  Stable homogenous solutions were formed after 
sonication of the methanol solution for 30 minutes and no 
visible settling of the particles was observed after one week 
(Figure S4). Conversely the sample containing no PEG (HCPN-
0.75) and the sample synthesised via the conventional RAFT 
route both began to settle out immediately. This observation 
highlights the necessity of both the hydrophilic PEG chains as 
well as the RAFT PISA approach in order to form stable 
dispersions. 
Table 1. Composition, solubility and size of particles.
Monomer composition
Hydrodynamic diameter (Dh) 
(nm)b
SAXS Particle Size Analysisc
Sample
PEG DVB FN
Dispersiblea
After 30 min. 
sonication
After 3 hr 
sonication
D1 
(nm)
D2 
(nm)
DPY1 
(nm)
DPY2 
(nm)
HCPN-0.7538 0 1 0.75 No N/A N/A N/A N/A N/A N/A
PEG113DVB300FN225 
(RAFT solution)
113 24 18 <1 hr N/A N/A N/A N/A N/A N/A
PEG113DVB150FN113 113 12 9 Yes 241 204 27 138 34 239
PEG113DVB300FN225 113 24 18 Yes 229 219 29 174 34 242
PEG113DVB600FN450 113 48 36 Yes 435 230 24 179 31 279
PEG113DVB1200FN900 113 96 72 Yes 942 262 25 188 42 256
a dispersibility in water, b mean particle diameter as measured by DLS in methanol, c particle size as measured by SAXS where: D1 
is the mean diameter of the primary particles, D2 is the mean diameter of the aggregates, DPY1 is the mean interaction distance 
between primary particles and DPY2 is the mean interaction distance between the aggregates
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Scheme 1. Synthesis of porous materials via (a) free radical polymerisation to form insoluble HCPN-0.75,38 (b) conventional RAFT 
solution chemistry and (c) RAFT mediated PISA. Insert shows the materials in methanol after 12 h.  
To measure the size of the particles, dynamic light scattering 
(DLS) was carried out on the samples using 0.1 mg/mL solutions 
in methanol. Initially, all samples were sonicated for 30 minutes 
before analysis and the particle sizes were calculated to be 
between 241 nm for the smallest sample, PEG113DVB150FN113 
and 942 nm for the largest sample, PEG113DVB1200FN900 (Table 1 
& Figure S5). Such large particle sizes were not expected for 
samples containing DPs in the 300-2500 range. Further 
sonication was therefore carried out. After 3 hours of sonication 
the particle sizes had reduced to between 204-262 nm  still 
larger than expected for samples of similar DPs (Table 1 & 
Figure S6). Typical particle sizes for linear di-block polymer 
chains via RAFT-PISA in similar solvent mixtures give spherical 
particles with sizes of around 31 nm.41 In addition, the particle 
sizes of hypercrosslinked PEO117-b-PS395  synthesised by Gao et 
al.40 observed particle sizes of around 24 nm, while for PEO-b-
PS assemblies synthesised by Xu et al.39 the core-shell sizes of 
the individual particles ranged from 29-37 nm for DPs of 478-
834 but were aggregated together into a larger extended 3D 
network.  
Although a reduction in size of the particles was observed after 
prolonged sonication, the overall sizes of the particles were still 
much larger than expected. Therefore, in order to further 
elucidate the particle morphology, SAXS studies on a 5% w/w 
dispersion of each sample in methanol were performed (Fig. 
1a). To simplify the analysis, the particles were treated as 
homogeneous solid spheroids. The X-ray scattering intensity of 
such spheroids, represented by the scattering cross-section per 
unit sample volume, , can be expressed as:
()
(Eq. 1)
()	 = 	()	0 (	)|(	)|2	
where  is the number of scatterers,  is the hard-	 ()	
sphere interaction structure factor based on the Percus-Yevick 
approximation,42  is their Gaussian size distribution (	)
function and  is the particle form factor. Specifically, (	)
 is expressed as: (	)
(Eq. 2)(	) = 1	 2 (	  	)
2
2	2
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Figure 1. (a) Small angle X-ray Scattering of samples 
PEG113DVB150FN113 (black), PEG113DVB300FN225 (red), 
PEG113DVB600FN450 (blue) and PEG113DVB1200FN900 (purple), (b) 
schematic representation of particle morphology where: D1 is 
the mean diameter of the primary particles, D2 is the mean 
diameter of the aggregates, DPY1 is the mean interaction 
distance between primary particles and DPY2 is the mean 
interaction distance between the aggregates, (c) from left to 
right TEM images of PEG113DVB150FN113, PEG113DVB300FN225, 
PEG113DVB600FN450 and PEG113DVB1200FN900.
where  is the mean radius of the particles and  is the 	 	
standard deviation of the size distribution. The particle form 
factor, , is expressed as:(	)
(Eq. 3)(	) = 43	3"#(3$	(	)  	cos (	)(	)3 )
where  is the X-ray scattering contrast. "#
Initial inspection of the background-subtracted SAXS 
pattern for a 5% w/w dispersion of each sample in methanol 
indicated that a complex morphology consisting of two 
populations was present: one of small particles (n=1 in Eq. 1-3) 
and the other of larger particles (n=2 in Eq. 1-3).
(Eq. 4)(() = ()1 + ()2
This two-population approximation provided a satisfactory 
fit over the entire q-range and indicated that primary 
nanoparticles of between 24 nm and 29 nm in diameter (D1) 
existed within larger aggregates whose diameter ranged from 
138 nm to 188 nm (D2) (see Figure 1b). The Percus-Yevick hard-
sphere mean interaction distance between interacting primary 
particles ( ) ranged between 31 nm and 42 nm, and that *1
between larger aggregates ( ) was found to be between 239 *2
nm and 279 nm. TEM analysis was performed on the samples 
(Figure 1c), which confirmed that each sample consisted of 
aggregates of smaller assemblies as indicated by SAXS analysis.
Figure 2. 13C CP/MAS NMR spectra of insoluble HCPN-0.75 (top) 
and PEG113DVB300FN225 (bottom)
The aggregated morphology found for the particles differs 
to those obtained by aqueous RAFT-PISA of similar but non-
crosslinked systems such as styrene, which typically result in the 
formation of well-defined nanoassemblies.41, 43  However, the 
post-synthetic hypercrosslinking of linear di-block PEO-b-PS 
polymers by Xu et al.39 resulted in an aggregated morphology 
similar to that observed for our particles. We attribute our 
aggregated morphology to a high degree of crosslinking both 
within and between the particles arising from the bi-functional 
DVB monomer. The crosslinking of smaller spheres thereby 
creates an extended 3D network. Despite this unusual 
morphology, the particles are still able to form stable 
dispersions for long periods of time without precipitation due 
to the presence of the outer hydrophilic PEG block. This is in 
contrast to the PEO-b-PS particles of Xu and Gao which have 
core forming PEO blocks.39, 40 
In order to probe the particle morphology in more detail, we 
synthesised di-block co-polymers targeting the same DP but 
substituting styrene for DVB. DLS analysis of these reactions 
showed the presence of particles of between 200  315 nm, 
similar to the DVB analogues. TEM analysis of these samples 
however, show spherical particles unlike the aggregated 
morphologies when using DVB (Figure S8 and Table S2).41, 44 It is 
therefore likely that the polymerisation mechanism is different 
when using the bi-functional monomer DVB which causes the 
aggregated morphology rather than the typical spherical 
morphology seen in the literature for linear block co-polymers. 
To further probe the particle formation mechanism, the 
progression of the PEG113DVB1200FN900 reaction over time was 
and the particle sizes calculated using DLS. After only 15 min, a 
particle size of around 80 nm was calculated, suggesting that 
crosslinking of particles occurs early in the reaction rather that 
the formation of spheres followed by subsequent aggregation. 
The particles continued to grow over the course of the reaction 
eventually reaching around 255 nm after 24 h.
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The particle size behaviour in different solvents was also 
investigated. The particles were found to be dispersible in a 
variety of solvents including chloroform, dichloromethane, 
toluene, methanol, THF, acetonitrile and acetone. Stable 
dispersions were observed for methanol, THF, acetonitrile and 
acetone, while in chloroform, dichloromethane and toluene 
particle sedimentation was observed over a period of 24 h. In 
methanol, THF, acetonitrile and acetone, particle sizes of 
between 200-245 nm were calculated for PEG113DVB150FN113 
while in chloroform, dichloromethane and toluene the particle 
sizes were much larger ranging from 2111-2223 nm. In general, 
increasing the core DP increased the particle size in the stable 
solvents, however for chloroform, dichloromethane and 
toluene particle sizes varied widely. These solvents are likely to 
swell the core as reported for insoluble porous polymers.4, 45-47 
This swelling effect leads to the increase in calculated particle 
size and loss of long term stability in solution. 
Chemical characterisation of the samples was carried out by 
elemental analysis, FTIR, and both solution and solid state NMR. 
The FTIR spectra of each sample (Figure S9) shows vibrational 
stretches at 2928 cm-1, 2250 cm
-1 and 1125 cm-1 attributed to 
the -CH2- stretch, 1TL1 stretch and C-O ether stretch 
respectively demonstrating the successful incorporation of both 
fumaronitrile and macro-CTA. Elemental analysis (Table S4) of 
the samples also showed that the fumaronitrile monomer was 
incorporated into the structure with all samples containing 
nitrogen in amounts varying from 6.83% to 7.31%. Likewise, the 
RAFT agent had also been successfully incorporated into the 
final material and this was reflected by the sulfur content in the 
samples which varied from 0.26% to 0.79%.
Solution phase 1H-NMR of the dispersions exhibited a 
resonance at 3.5 ppm which is assigned to the -CH2- of the PEG 
chains (Figure S10). In common with other microporous 
polymers the core of the particles is highly crosslinked and 
immobile and would not be expected to be observed by solution 
phase NMR. However, resonances at 0.9 and 1.3 ppm were 
observed and are attributed to the DVB/FN backbone, it is 
therefore likely that some mobility of the backbone is possible 
due to swelling of the sample in CDCl3 as noted for the DLS 
results above (Table S3). To further investigate the core of the 
particles, solid state 13C CP/MAS NMR was employed and 
compared to that of the insoluble HCPN-0.75 (Figure 2 and 
Figure S9). Both the insoluble network and the particles show 
resonances in the aromatic region for 143, 138, 129 and 117 
ppm  these are attributed to the quaternary aromatic CAr-, 
unreacted vinyl, aromatic CAr-H- and the nitrile groups 
respectively as previously reported.38 The internal polymer 
backbone is also observed at 41 and 32 ppm. An additional 
resonance at 70 ppm is observed for PEG113DVB300FN225 which 
we assign to the outer PEG -CH2- groups. 
The porosity of each sample was investigated using gas 
sorption analysis using nitrogen gas at 77 K (Figure 3a). As 
expected for aggregated particles with a large number of inter-
particle voids, there is a large uptake of gas adsorbed at high 
relative pressures (> 0.9 P/P0) in all 4 samples resulting from the 
condensation of nitrogen between the particles similar to other 
aggregated particle networks.39 In the low pressure region, 
there is a sharp uptake of gas below 0.1 P/P0 indicative of 
adsorption in the micropores. 
Figure 3. (a) Nitrogen adsorption (filled) and desorption (open) 
isotherms at 77 K (each offset by 200 cm3/g), insert shows the 
low relative pressure region, (b) NL-DFT differential pore size 
distribution and (c) cumulative surface area vs pore width for 
samples PEG113DVB150FN113 (black), PEG113DVB300FN225 (red), 
PEG113DVB600FN450 (blue) and PEG113DVB1200FN900 (purple).
The BET surface areas for all samples were calculated over a 
relative pressure range of 0.01  0.15 P/P0 (see Table 2). The 
surface area of the smallest sample PEG113DVB150FN113 was 
calculated to be 244 m2/g. The particles show an increase in 
surface area with increasing core monomer content; up to 
around 400 m2/g for the samples containing the largest 
amounts of core monomers - PEG113DVB600FN450 allowing the 
tuning of the porosity by increasing the particle size. No further 
increase in porosity was observed for PEG113DVB1200FN900 which 
could indicate that the maximum surface area has been 
achieved for this system. The increase in porosity is to be 
expected for larger particles which possess an increase in 
internal porosity arising from a larger porous core. In contrast, 
particles of increasing size possessing only external surface 
areas would be expected to show a decrease in surface area. 
The increase in surface area with respect to the DP of the 
porosity inducing block is similar to that observed for 
hypercrosslinked PEO-b-PS particles (DPs of 362-718 increasing 
surface areas from 50-132 m2/g).39 The BET surface areas of the 
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particles compare well to other soluble microporous polymers 
in the literature (ca. 130-600 m2/g, see Table S5) and to 
insoluble hypercrosslinked di-block PEO-b-PS particles (50-1123 
m2/g). Pore sizes were calculated using NLDFT pore size analysis 
(Figure 3b) and confirmed the presence of micropores within 
the sample with a pore size distribution centred around 1.8 nm 
in the micropore region. Further meso- and macropores are also 
present within the samples which might be expected for 
particles with an aggregate morphology. The cumulative surface 
area vs pore width (Figure 3c) confirms that the surface area 
attributed to micropores increases with increasing particle size. 
Between 30  42% of the total surface area is attributed to 
micropores. 
Table 2. Surface area and pore volumes of PPD samples.
Sample Surface 
area 
(m2/g)a
Total 
pore 
volume 
(cm3/g)b
Micropore 
volume 
(cm3/g)c
Micropore/ 
total pore 
volume
PEG113DVB150FN113 244 0.48 0.09 0.19
PEG113DVB300FN225 270 0.45 0.10 0.20
PEG113DVB600FN450 409 0.79 0.14 0.18
PEG113DVB1200FN900 400 0.67 0.14 0.21
a calculated over the pressure range 0.01  0.15 P/P0, 
b 
calculated at 0.99 P/P0, 
c calculated at 0.1 P/P0
The particles were found to exhibit photoluminescence both 
in the solid state and in solution 2=max = 320-330 nm, Figure S16), 
despite no extended conjugation within the particles. The =max 
of the particles is similar to that of the DVB monomer in 
solution. The luminescence is likely a result of the high density 
of aromatic rings within the core of the particles resulting in U1
U stacking of the aromatic rings. The particles demonstrated 
bright blue fluorescence when excited by UV light which can 
easily be observed by eye in contrast to the DVB monomer 
solution. 
The particle fluorescence was found to be selectively 
quenched by the addition of nitroaromatic compounds (Figure 
S15) such as picric acid  a known explosive and 
environmentally harmful compound.  Upon addition of 38 ppm 
of picric acid the fluorescence of each sample was quenched by 
over 99% (Figure S17 & Table S6). This is superior to 
microporous polymers such as Py-Azine COF (69 %, 70 ppm of 
picric acid)9 and Py-azo-COP (60 %, 0.96mM picric acid).48 The 
limit of detection for PEG113DVB300FN225 (Figure. S20), when 
exposed to picric acid, was found to be 169 ppb. This is 
comparable with other porous polymers possessing fluorescent 
sensing capabilities.49, 50 
Quenching of the fluorescence of the DVB monomer by 
picric acid was also observed in solution (Figure. S21) and is the 
result of the interaction between the electron rich DVB 
monomer and electron deficient picric acid. In a similar way, the 
quenching mechanism observed in the porous particles is likely 
the result of the donor-acceptor electron-transfer interaction 
between the electron rich porous core and electron deficient 
quencher similar to that of other porous polymers.49, 51-53 The 
ease with which the particles are dispersed combined with their 
ability to be collected after detection demonstrates the benefits 
of these materials over that of both soluble monomers and 
insoluble porous materials. 
Conclusions
In conclusion soluble porous polymer particles were able to be 
synthesised via a versatile one-pot RAFT-mediated PISA 
synthesis using a PEG based macro-CTA with DVB and FN. It was 
possible to tune the size of the particles by increasing the ratio 
of core-forming monomers which resulted in an increase in 
internal porosity of the particles from 244 to 409 m2/g. Analysis 
of the samples by SAXS and TEM showed that the samples are 
present as mass fractals which are formed through aggregation 
of smaller particles. Aggregates ranged in size from 239  
279 nm according to SAXS which was in close agreement to the 
DLS data (204  262 nm). Finally, these samples demonstrated 
fluorescence when exposed to UV light (Figures S15), which 
could be selectively quenched in the presence of nitroaromatic 
compounds, such as picric acid (38 ppm). This solution phase 
application highlights the potential new avenues for porous 
polymers. We believe that this is a versatile and facile synthetic 
route to dispersible porous polymers which offers the 
opportunity to change both the outer solubilising group and the 
inner porous core and has the potential to expand the range of 
applications available to porous materials.
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